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Abstract

In this paper, an optimized injection line for PILAC, the
proposed Los Alamos Pion Linac, is presented. With the
other optimized components (pion source, accelerator, and
high-resolution beamline and spectrometer), the system is
capable of delivering 10° 920-MeV pions per second to the
target.

I. INTRODUCTION

The injection line transports beam from the pion source
to the accelerator. The requirementa for this line are dis-

cussed and its properties are described. Issues concerning
the linear transnport are touched upon, but the rmnhnll T

on the tuning process for th~ nonlmea.r elements used for
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II. REQUIREMENTS

A. Geometry

The line must be as short as possible. After 20 m, half of
the 380-MeV pions will have decayed. There must be suf-
ficiently long drifts to put radiation shielding for the mag-
netic elements. Pion production is peaked in the forward
direction, favoring a zero-degree injection system. Con-
sequently, the line must feature a bend to subsequently
srparate pions from protons.

B Matching
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I'he line must p & transv !
watch between target nnd accelera tor 'ﬁ'nnn rsely, the
stuall-size, high-divergence beam from the pacn soures {in
TRANSPORT (2] notation described by £ = 0.45 cm,
=50 infad. 7 = 0,y = 0.45 em, ¥ = 50 mrad,
rvq = 0) must be matched to the accelerator accep-
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¥y = H.031 em, ;/ = 0.924 mrad, ryq = 0. 8[7) Longitudi-
nally, an upright beam covering £45 psec and 14 MeV at
the pion source (s = 1.3 em, §p/p. = 3.32%) is accepted
by the accelerator, provided the beam correlation in that

whiclh would be seen after traversal of an 11-m drifo.
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C. Aberration Correction

The line must have a layout conducive to placement of
nonlinear elements. Because both the transverse emittance
and the momentum bite of the beam transported by the
line are large (22.5  em-mrad and 1 3.32%, respectively),
the beam will be severely degraded by both chromatic and
geometric aberrations unless sextupoles and octupules are
added to cancel the most detrimental of these aberrations

H1. PROPERTIES

The injection line has a length of 20.083 m an« consists
of a matching section followed by a 90° hend (Fig 1)
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Figure 1. Layout of the PILAC zero-degree injection hine

The matching section provides the proper transverse
match hetween pion source and accelerator in the tight-
eat possible configuration. The first doablet consists of
two strong l'nrunm' elemeita.

hetween compactness of design (compeneat spacing and -
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clone as possible to the pion sorrce munimizes both chro-
matic .-.nd geometric aberrations, Howaver, a 0.5 m dnft
hetween the pion source and the Arnt quadrupole is needed
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['he D0® bend has the component layout and first order
focus of a second-order achromat [3]; its transverse transler



matrix is the unit matrix. Because the accelerator input
beam transports well through the bend, it is possible to
perform tne trans\ :rse matching entirely upstream of the
bend. The beam size in the bend is largely governed by dis-
persion. An FD lattice has a nociceably smaller dispersion
than a DF iattice of the same geometry. Fer FD lattices,
varying the dipole edge angles has an insignificant effect.
Consequently, parallel-pole-face dipoles were assumed. A
bend angle per dipole of 22.5° results in an equivalent drift
for the line of 11.06 m for 380-MeV pions (5.10 m for 530-
MeV pions). There is a 1.5-m drift between dipoles and
F-quadrupoles to accomplish the separatior of pions from
protons.

The line features four sextupole pairs and four octupoles
to correct the most detrimental chromatic and geometriz
aberrations. For compactness, the nonlinear elements are
placed inside the quadrupoles.

IV. TUNING OF SEXTUPOLES

Sextupoles in the dispersive sections of the injection line
influence second-order chromatic aberrations. Tuning of
hese sextupoles to produce a second-order achromat is
compared with the tuning of the PILAC injection line,
which produces a lins with output-heam Twiss parameters
(3r. ag, Jy, ay) that do not linearly depend on momentum.
In eitter case, pairs of sextupoles ure placed such that the
second-order geometric aberrations caused by individual
sextupoles are cancelled. However, cross-coupling of the
sextupole pairs generates residual third- and higher-crder
aberiationa.

A. Second-Order Achromat

A second-order achromat consists of four identical cells
with 90° phese advance per cell, each containing bending
and focusing elements. This automaticaily leads Lo a first-
order achromat with Rja = 0 and R3¢ = 0.

T'wo families of sextupoles, placed in identical positions
in each cell and tuned so that the horizontal and verti-
cal chromaticities are zero, cause all second-order chro-
matic transfer-matrix elements to vanish except Ryae. Lhe
ruadratic dependenre of longitudinal position on momen-
tum. The resulting bend is called a second -order achromat.

T'he matched heam of the bend, when sent through the
hend with sextupole families turned off, has output-bearn
I'wiss pnrameters that do not linearly depend on momen-
tum, Howev=;, there are other transverse and longitudi-
nal chromatic :berrationn, manifesting themselves, for in-
stanee, 10 the nonzero chromaticities. Beams other than
the matehed heam have a linear dependence of the output-
heam ‘| wise parameters on momentum, which gets zeroed
with the two sextupole famnilies, whose settiigs are beam
imaepende L

B. T'wiss-Parameter-Corrected Injection Line

When a matching section precedes the just-mentioned
necond-order achromat, the output beam exhibits the chro-
matic aberrations caused by the quadrupoles in the match-
g section. One continues to have Kyan = Haas = 0 and

Rsisa = Rsze = 0, but all other previously zero second-
order chromatic transfer-matrix elerents are nonzero.

For an output beam intended to match to the transverse
acceptance of an accelerator, the quantities that should
not exhiuvit aberrations are the Twiss parameters. Using
MARYLIE, the linear dependences of the Twiss parame-
ters on momentum were zeroed for the line using four pairs
of sextupoles. T..e procedure does not work for a line in
which the matched beam goes through the bend.

V. TUNING OF OCTUPOLES

Once the sextupoles are properly tuned. nctupoles ran
be used to correct some of the third-order aberrations. Qc-
tupoles in the dispersionless sections of the injection line
are used to influence third-order geometric aherrations,
and octupoles in the dispersive sections to influence third-
order chromatic aberrations.

Because there are many nonzero third- der geometric
transfer-matrix elements, an informed selection must he
made. For a line accomplishing a irue point-to-paralle]
focus. there are three Lie polynomials that, when zeroed,
eliminate all third-order geometric aberrations distorting
the output beam. The injection-line focus is approximately
a point-to-parallel focus. There ire only two independent
octupole positions in the dispersionless sections of the in-
jection line (as deduced from very large settings when
using three octupoles to zero all three Lie polynomials).
The third-order geometric aberrations of the injectinn line
are caused mostly by quadrupole fringe fields. which are
treated in MARYLIE in hard-edge approximation. The
sccond quadrupole in the matching section. in which the
beam is large vertically, is & major contributor to these
aberrations. Thus, two octupoles were used to zero thoae
two Lie polynomials that cause aberrations in the verrical
phase space.

Two octupoles in the dispersive section of the line weres
used to zero two Lie polynomials that significantly ron-
tribute to the dependence of the horizontal particle coor-
dinates on the cube of the momentum.

VL. EVALUATION

To evaluale Lthe design, a beatn was teansported theough
the iniection line using MARYLIE. An :nput beam m
MARYLIE coordinates was generated. These coordinates
Ate &y = 8, 23 = pelpo B Ay =y L=y /0=
Zs = a/3, and, for dp/p, € |. Zqg = —dép/p.,. wherr
pe and p, are particle momenta, p, 18 the demgn momen-
tum, and 4 = v/e. MARYLIE uses MKSA umts Al
lowed input-beam coordinates lie inmde two-dimensionnl
ellipaen in 2,23 and ZyZ4 phase space (specified above)
and inside n rectangle with —0.0135 < 7y < 00011 and
-0.032 € Zs < 0.032 in ZnZs phase space  Probabili-
tien were deternuned assutning a Gaussian distribution i
Z1 and Za (like the pion-producing proton heam, with
Zy = 00045 or Z3 = 0.0045 corresponding to 2a) and
a untform distribution in 2y, Z4, Zs. and Z4 A pron was
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Figure 2. Transverse and longitulinal pi . «e-space projections of the output heam for the injeaction line
(a) in linear approximation, (b) without nonlinear elements, and (¢) with nonlinear elementas.

considered captured if its output-beam coordinases lie in-
side the two-dimensional ellipses defining the tranaverse ac-
ceptance of the accelerator. The longitudinal output-bean
conrdinates of the pion were not taken into conaideration.

For the injection line as described, 82.23% of the picrs
[ir in the transverse acceptance of the accelerator. Only
36 16% of the pions are captured when the nonlinear beam-
line elements are turned off. Pion decay 18 not folded into
these numbers. Figure 2 shows the 2,2y, ZaZ4, and Zy 24
phase-space projectiors of the output beam for the injec-
tion lme (a) in linear approximation, (b) without nonlin-
ear clements, and (<) with nonlinear clements. In (b), the
huttorlly shape characteristic of chromatic abherrations is
clenrly visible horizontally but u tansked vertically by the
strong third-order genmetne ahereations from quadrupole
fringe fielda.

VIE ACKNOWLEDGMENTS

The author thanks Karl Brown, especially for pointing

out the need for strong focusing rlose to the pion source,
and Filippo Neri for deriving the expressions (or the me-
mentum dependence of the output-beam Twisa parame-
tern, for modifying MARYLIE to allow optimuzing these
quantities, and for parti-ipating in countless liscussions
ahout MARYLIE and Lie algebra.

VIL NEFERENCES

(1] A. J. Dragt, L M. Healy, F. Neri, R. D). Ryne, D R.
iDouglas, and E. Forest. “MARYLIE 3.0 A Program for
Nonlinear Analysin of Accelerator and Heamline Lattices,”
IEEE T.ooms Mucl Sen 32(3), 2311 (1985).

[<] K. L. Brown, D. . {*scey, Ch. Inelin, and F Rothacker,
“T'RANSPORT, a Computer Program for Demgning
Charged Parlicie [Jeam ‘Transport Systemn.” SLAC-9§ {1674
rev), NAL:-91, and CERN 80-04.

(4] K. .. Brown and R, V. Serveanckx, “First- and Second.
Order Charged Particle Optiea” SLACPURLLIRL (] 1y
1484).



